White mold, caused by the fungus Sclerotinia sclerotiorum (Lib.) de Bary, is a serious disease in common bean (Phaseolus vulgaris L.) causing significant yield loss, particularly in temperate and humid production regions worldwide. In northern Spain, S. sclerotiorum is endemic and causes major white mold disease problems for beans produced in the region. Several agronomic strategies such as crop rotation, use of pathogen-free seed, fungicide application, plant spacing, row direction, mulching, or weed control (7, 29) have been indicated to control this disease. Integration of such strategies helps to reduce disease severity. The use of resistant bean cultivars is recommended to enhance effectiveness of integrated white mold control strategies.
Resistance against this pathogen in common bean is complex, conditioned by both avoidance and physiological mechanisms (14, 16) . Avoidance mechanisms, which generate conditions limiting infection and disease progress, include morphological traits related to plant architecture and phenological traits (9) . Characteristics such as erect and open plant structure, less dense canopies, elevated pod set, reduced lodging, and early maturity contribute to reduced white mold damage (9, 26) . For physiological resistance, plant defense mechanisms inhibit infection or spread of the pathogen in host tissues. Both avoidance and physiological resistance are quantitatively inherited. Miklas et al. (19) generated a comprehensive linkage map of quantitative trait loci (QTL) conditioning resistance to white mold. They located 38 QTL that coalesced into 22 regions across nine linkage groups. Major QTL on linkage groups 2, 7, and 8 have been validated in markerassisted selection studies (1, 3, 18) .
Few cultivars with high levels of physiological resistance to white mold have been described in common bean. Many breeding programs and genetic analyses have been based on resistant sources such as 'ICA Bunsi', G122, NY6020-4, or PC-50 (14, 17, 21, 26) . With the exception of ICA Bunsi, most genotypes with high resistance levels against white mold appear to derive from the Andean gene pool (13) , one of the two major germplasm groups identified in wild and cultivated common bean materials (5) . The majority of the local germplasm collected in the Iberian Peninsula has been classified as Andean (22, 25) . Therefore, bean collections maintaining local germplasm from this area represent an opportunity for identifying new resistant sources with specific utility for developing cultivars with improved white mold resistance for the region.
Screening for resistance to S. sclerotiorum in the field is complicated by interaction of avoidance and physiological resistance mechanisms. Laboratory and greenhouse screening methods are used solely to detect physiological resistance. The straw test (23) is the most widely used greenhouse screening method (2) . Straw test results correlate well with field tests (1, 11) and have been used to identify resistant accessions in collections (13) . The straw test is currently being used to select white-mold-resistant lines in plant breeding programs (18, 28, 31) and has identified many QTL associated with physiological resistance (11, 21) . In general, possible pathogen variation has not been considered in these studies.
To initiate a breeding program for resistance to a pathogen, knowledge about pathogenic variation as well as identification of different resistant sources is warranted. The objectives of this study were to (i) determinate the possible variation in aggressiveness of the local S. sclerotiorum isolates causing white mold in common bean and (ii) identify potential sources of resistance against local isolates. This information will be of interest to regional plant breeding programs focused on increasing levels of white mold resistance for local common bean market classes. Novel sources of resistance, if identified in this study, could have significance for white mold resistance breeding programs worldwide.
bean plants collected in northern Spain. Each isolate was derived from a sclerotium and a unique hyphal tip. Evaluations were carried out with four isolates that were selected based on previously determined mycelia compatibility reactions and geographic origin (Table 1) . Each isolate represented a distinct mycelial compatibility group based on incompatible mycelial reactions for all paired comparisons between the isolates, conducted according to Kull et al. (10) . Sclerotia of the four isolates were maintained at -20°C. The sclerotia were germinated on potato agar dextrose medium (Difco, Becton, Dickinson and Company, Spark, MD) in a standard petri plate and then subcultured to prepare plates of fresh, actively growing mycelium for the inoculations.
Plant material. In all, 228 bean materials maintained at the Servicio Regional de Investigación y Desarrollo Agroalimentario collection (Villaviciosa, Asturias, Spain) were evaluated for reaction to S. sclerotiorum isolates from northern Spain. The evaluated materials included 199 accessions of the core collection established from the main bean gene bank in Spain (22) . Plants were watered and additionally fertilized for normal growth. Plants were inoculated when the fourth internode in the main stem was totally developed (21-to 28-day-old plants). Inoculum preparation was as described by Miklas (12) . A single mycelial plug inserted within a straw was placed mycelialside down on the cut stem. Inoculated plants were maintained at moderate temperature (18 to 24°C) in shade with high relative humidity (>70%).
For each material, there were two pots planted per isolate tested. One pot of each material-isolate combination represented a replication. The two replications were arranged in a randomized complete block design (RCBD). Three separate runs consisting of two replications each were conducted. The 29 well-known lines were tested against all four isolates (experiment I) whereas the 199 core accessions were only tested against a single isolate (isolate 2; experiment II). Of the 199 tested core collection accessions, the 11 which exhibited the most resistant reactions were tested again in a separate RCBD with two replications and three separate runs but this time against all four isolates (experiment III). The resistant line G 122 was included for comparison purposes. Evaluations of the core collection accessions were conducted in autumn 2007 whereas accessions with high resistant levels and the 29 known materials were evaluated in spring 2008.
The severity of disease progression, considering invasion of the main stem, was assessed 8 to 10 days after inoculation (short-term evaluation) using a 1-to-9 severity scale (12) where a value of 1 = no symptoms and 9 = total plant collapse. Cv. Cornell 49 242 was included in each evaluation as a susceptible check because most of these plants had a disease severity score rating of 9 (plant collapse and death) by about 8 days after inoculation. This susceptible check was not included in the data analysis for experiments II, III, or IV.
To confirm resistance of the 11 selected core accessions, they were retested in spring 2009 but, this time, severity was evaluated 21 days after inoculation (longterm evaluation; experiment IV). These 11 accessions were tested along with 8 superior-performing lines taken from the 29 well-known materials tested above. Mock inoculations using just agar were conducted in parallel to assess the effect of the straw test on plant viability and growth in this experiment. A pot with 4 to 5 plants of each tested material was mock inoculated. Experimental design was the same as the short-term evaluation experiments described above. The same 1-to-9 disease severity scale was used to assess plant reaction to white mold infection.
Data analysis. Disease severity score data for each experiment was analyzed by analysis of variance (ANOVA). Runs were considered a random effect and isolates and genotypes fixed effects. With this mixed-effect model, the three-way interaction mean square (MS) was used as the error term (denominator) in the F test for the two-way interactions. Significant differences between means were tested using least significant difference (5%). Simple correlations were performed to compare genotype disease ratings between runs and between short-and long-term evaluations. Statistical analyses were carried out using the SPSS V12 software.
RESULTS
Short-term response of the lines and cultivars. Twenty-nine cultivars or breeding lines were evaluated for white mold against four local S. sclerotiorum isolates using the greenhouse straw test. All interactions were significant except isolate-run (Table 2 ; experiment I). The average correlation among genotypic means (Table 3) among the three runs was low (r = 0.088, P < 0.05), indicating that the genotype-run interaction resulted mainly from magnitude of genotypic response between runs. Significant differences in the response against the four isolates were observed for the majority of the examined genotypes that contributed to the significant genotype-isolate interaction. Isolates 1 and 3 were the most aggressive in this set of materials based on the mean reactions (6.11 and 6.03, respectively) while isolate (Table 2 ; experiment II). The average correlation among genotypic means among the three runs was r = 0.113 (U < 0.001). Although significant, the low correlation again suggests that the genotype-run interaction results primarily from differences in the magnitude of genotypic response between the separate runs. The different response between runs may result from sensitivity of the screening method to slight changes in environmental conditions across the greenhouse space used or other factors, such as genetic variation within the accessions themselves. Because of the variability in response from run to run, multiple runs are warranted for characterizing large sets of genotypes for response to white mold using the greenhouse straw test.
Averaged across runs, 11 accessions exhibited partial resistance (disease severity less than 4), 123 had intermediate reaction (disease severity between 4 and 6), and 65 showed a susceptible reaction (Fig. 1) . Major morpho-agronomic traits of the 11 accessions classified as resistant to isolate 2 are summarized in Table 4 . The 11 accessions represent nine different seed phenotypes, 6 possess potential culinary use as a snap bean, and all originate from the Andean gene pool (22) .
The 11 accessions with a high level of resistance to isolate 2 were evaluated again but, this time, against four isolates. ANOVA did not reveal significant differences for the main effects genotype, isolate, or run or the genotype-isolate interaction (Table 2 ; experiment III). The average correlation among genotypic means among the three runs was low (r = 0.312, P < 0.05), indicating once again that multiple runs should be used to evaluate common bean accessions for white mold response using the greenhouse straw test. The 11 accessions showed high levels of resistance to the four isolates (Table 5 ). Four accessions (BGE003121, BGE003404, BGE013953, and BGE022494) had a disease score equal to or less than 4 against all four isolates. Accession BGE022494 had the most resistant reaction, albeit not significantly different from the other genotypes. Isolates 1 and 3 were the most aggressive against this set of select resistance materials, as was observed in experiment I.
Long-term response of select materials. In all, 17 genotypes, 11 accessions from the local collection and 6 cultivars or lines (Jalo EEP558 would have been included but seed was unavailable) with the highest levels of resistance (equal to or better than G122) in the previous tests were assessed 21 days post inoculation to further investigate the partially resistant response of these materials to white mold in the greenhouse straw test. The line G122 and cv. Tendergreen were also included in this test. The ANOVA revealed significant differences for genotype and all interactions (Table 2 ; experiment IV). The average correlation among genotypic means among the three runs was low (r = 0.149, P < 0.05), once again indicating the need for multiple runs to adequately determine genotypic response to white mold using the straw test. In all cases, materials with a high level of resistance in the short-term tests had more severe reactions in the longer-term inoculation test (Table 6 ). Line G122, an important source of partial resistance, was the most susceptible genotype in this test, which further attests to the severity of longer-term evaluation. Considering the mean reactions against the four isolates, 15 genotypes exhibited significantly less susceptibility than G122 (Table 6 ). Line AB136 with intermediate reaction was the only line to maintain the same level of response for both short-and long-term inoculations. For AB136 and accessions BGE003121, BGE003254, and BGE022494, disease progression was slowed substantially or stopped altogether at the second node, where new shoots often developed. Twenty-one days after inoculation, phenotypes for these four genotypes were similar between plants inoculated with or without (agar only) the pathogen.
DISCUSSION
Together, the results from the first three experiments identified 19 sources of putative resistance to white mold. From experiment I, A195, Don Timoteo, BRB57, Jalo EEP558, AB136, Cornell 606, BRB 130, and Kaboon all exhibited levels of resistance equal to or better than known resistance source G122. From experiment II, 11 accessions from the 199 core collection accessions tested were identified to possess levels of resistance equal to or greater than the well-known resistant source G122. Fifteen of these sources, minus Jalo EEP 558, which lacked sufficient seed, were also confirmed in experiment III to possess levels of resistance greater than the resistance source G122 under more severe, long-term evaluations in the greenhouse straw test. However, when these genotypes were maintained for 21 days, an advance of the disease in the inoculated stem was generally observed. Terán and Singh (31) also observed disease progression when plants were assessed 16, 23, or 33 days after the inoculation. Differences between the response in the shortand long-term evaluations could be due to an avoidance mechanism such as the internode length. Using the straw test, Miklas et al. (15) observed a significant correlation between the first internode length and the disease response of the plant. Longerterm evaluations are recommended to confirm reactions for genotypes with high resistance levels in the short-term evaluations.
The high level of resistance in A195 developed by Singh et al. (27) was confirmed in this study. Accession BGE022494 has the best potential for culinary use as a snap bean and should be useful for the improvement of such materials. Interestingly, the core mapping parents BAT93/Jalo EEP558 differed significantly for disease reaction, suggesting that the BJ recombinant inbred line (RIL) population could be useful for detecting QTL conditioning white mold response.
All of these newly identified putative sources of white mold resistance, with the exception of AB136 which is from the Middle American gene pool, are of Andean origin. Of the 199 accessions in the core collection, 73% are of Andean origin (22) ; therefore, identification of resistance in the collection solely from the Andean gene pool is not surprising. However, most of the previously discovered resistance sources are Andean, too, which begins to suggest that natural selection for resistance to this pathogen has been more prominent in the Andean versus Middle American gene pool.
Bunsi navy bean is the only well-known source of white mold resistance discovered Fig. 1 . Distribution of the reaction to Sclerotinia sclerotiorum isolate 2 for 199 bean accessions included in the core collection established from the National Spanish bean collection (Center for Plant Genetic Resources, Alcalá de Henares, Madrid, Spain) using the greenhouse straw test screening method and a 1-to-9 disease severity scale, where 1 = no visible symptoms and 9 = total plant collapse. from the Middle American gene pool (9, 17) . A few dry bean lines (I9365-31, 92BG-7, and I9365-25) purported to possess white mold resistance introgressed from P. coccineus could be classified as Middle American (16); however, the actual origin of the resistance in these lines is not fully understood. Given that few resistance sources are of Middle American origin, the identification of another putative source of resistance, AB136, from this gene pool is a significant finding.
Other researchers (15, 24) conducting straw tests in bean and pea (Pisum sativa L.) noted that, for some genetic populations, plants with longer internodes had lower disease scores, which suggests the influence of morphology on disease reaction. In this study, the accessions with the highest levels of resistance had short internodes ( Table 4 ), indicating that physiological mechanisms primarily conditioned the resistance response. Porter et al. (24) mentioned that white-mold-resistant pea genotypes should combine internodal resistance with nodal resistance that inhibits lesion expansion down the stem. Disease progression for common bean is similarly stalled at the second or third node, with new shoots often developing at these nodes in resistant materials, as observed in this study.
Significant differences for aggressiveness among the four S. sclerotiorum isolates was detected in experiment I only, maybe due to the wider and nonselected diversity included in this bean set. Generally, isolates 1 and 3 were slightly more aggressive than isolate 4 but, overall, the results indicate that any of the four isolates could be used effectively to differentiate white mold reaction among common bean in the greenhouse straw test. Nonetheless, noted variation in the aggressiveness of S. sclerotiorum warrants characterization of collected isolates before using them for routine screening work. Differences in aggressiveness among S. sclerotiorum isolates has been previously described (10, 21) .
The isolate-genotype interactions detected in experiments I and IV seem to result more from the noted differences in aggressiveness among the isolates than due to a true host-pathogen differential interaction. For instance, many genotypes with susceptible ratings to the more-aggressive isolates 1 and 3 exhibited intermediate reactions to the least-aggressive isolate 4. Only one genotype, Cornell 606, varied widely in response across the isolates, ranging in reaction from 6.1 to 3.9. Other genotypes, such as PC 50 and PI 207262, also varied in response across the isolates. These three genotypes and perhaps a few others may be useful for pathogenic characterization of the S. sclerotiorum isolates. Park et al. (21) tested a PC 50/XAN 159 RIL population for reaction to two S. sclerotiorum isolates and detected QTL that conditioned resistance to both isolates but also QTL that were isolate specific. However, clear pathogen-host specificity for white mold disease in common bean has not been validated in this or previous studies.
The straw test is an aggressive method favoring infection because pathogen entry into the plant is provided by cutting the main stem and an initial nutrient source is provided by the agar plug. These favorable conditions are not common in the field; nonetheless, good correlations between straw tests and field trials have been observed (8, 11, 14, 21) . The logical next step for the resistant materials identified in this study will be to field test them for white mold reaction and to study the inheritance of resistance for both greenhouse and field environments.
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